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agents for paper. 




:H,fLcHaY -. ^ 



CH,-CHCH,Y + NaCl 



he product is added to the paper ma king ma 
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U.S. Patent 5,01 7,642 discloses that epichlor ohydrin/polyamidoamine wet strength resins containing a very small 
writ of organic halogen can be prepared by adjusting the reaction temperature and the molar ratio of the polvami- 



s. The chlorohydrin- 

viscosity has the disadvantage that the concentration of chloride ion is high, making epihalohydrin residue removal mc 

J " ' cycles of basifica«orVaci<r ' 

80 and 4,575,527 that stc 



It would be advantageous to have a process for preparing po 
ed by-products such a: " 
providing equal or greater wet strengthening properties thi 
~ an for preparing a wet strength resin for paper CO 

(1) reacting a polyamidoamine with an epihalohydrin ur 
than about 1 0% by weight of the amount of epihalohydrin charged, 

(2) adding a water-soluble, nonpolymeric amine in an amount of about 0.1 to about 50 mole %, based on 




line additive reaction step can be used between st 
in which the reaction mixture is heated to about 20° to about 40°C for at least 10 minutes, preferably at 
8 hours, at a reaction solids level of about 40 to about 60%. This optional amine additive reaction stc 
s needed to produce a given rer 




After the PAA/epihalohydrin reaction step, amine additive is added. The amount of amine additive used is about 0.1 
to about 50 mole %. based on the moles of amine in the polyamidoamine. Preferably about 0.1 to about 10 mole % 
amine additive is used, most preferably about 1 to about 5 mole % of amine additive. 

Any water-soluble nonpolymeric amine can be used as the amine additive in step (2) of the process of this invention. 

as amines having 10 or less carbon atoms and 6 or less amine nitrogen atoms. 
lia (NH 3 ) and organic amin es. Aliphatic amines including primary amines, secondary 



amines, ancTteniary amines can be used. The an 
compounds containing more than one type of amine functionality can be used. Methylamine, ethylamine, n-propylamine, 
isopropylamine, n-butylamine, sec-butylamine, tert-buty 
plaryoftheclassof moncfunctional prima 



. . lal tertiary amines TrimethylaminetMeaN) and N- 

methylpyrrolidine (NMP) are preferred monofunctonal tertiary amines. Hexamethylenediamine (HMDA), N-aminoethyl- 

le (DABCO), hexamethylenetesaamine (HMTA). ethylenediamine (EN^diettyenetriami'ne 
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Amine + CH,CHCHiY Amine-CH,CHCH,r 
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This example describes the preparation and properties of a polyarricbarrinefepicNorohydrin resin made without 
the amine additive of this invention. 

A chlorohydrin-substituted pdyamidoamine was prepared by adding epfchlorohydrin (95 mole %. based on amine 
in ttia polyamidoamine, 28.95 g) over a few minutes to a polyamidoamine prepared from adipic add and diethylenetri- 
amine (51.8% solids, 2.48 meq/g amine. 133.13 g) at 25°C and stirring at 300 rpm. The temperature of the reaction 

The crosslinking stage was carried out as follows. Water (164.65 g) wag added to decreasereaction solids to 30%. 
The rate of stirring was increased to 380 rpm, and the temperature was raised to 67°C to initiate crosslinking. After 35 
miraitesatBo^C.ttieGardner-Hrjldtvisrosity^ 

reaction solids to 25%. After 45 minutes at 55-67°C, the Qardner-Holdt viscosity was "L-M". Water (400.02 g) and sulfuric 
acid (98%. 4.33 g) were added. The product had the following properties: pH 2.97, BrookfiekJ viscosity at 25"C of 51 
cP. 12.5% solids, 1,3-dichloropropanol (DCP) content of 1298 ppm, cationic charge density at pH 10 of 1.88 meq/g, 
the standard resin of 98.5%. o ide of 81 .9%. and oven cured % wet/dry effectiveness compared to 
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A chtororiydrin-substituted polyamidoarnine was prepared as described in Comparative Example 1 . 
Water (1 39.72 g) and trimethylamine (5 mole %, based on the amine in the pblyamidoamine, 0.632 meq/g aqueous, 
26.18 g) were added. 

Crosslinking was carried out by increasing the rate of stirring to 380 rpm, and raising the temperature to 67"C to 
initiate crosslinking. After 25 minutes at 63-67°C. the Gardner-Holdt viscosity of an aliquot at 25°C was "C". Water (64.62 
g) was added to decrease reaction solids to 25%. After 20 minutes at 51 -65»C, the Gardner-Holdt viscosity was "L", and 
water (395.90 g) and sulfuric acid (98%. 5.33 g) were added. The product had the following properties: pH 2.97, Brookf ield 
viscosity at 25°C of 53 cP, 12.8% solids, 1 ,3-DCP content of 771 ppm, cationic charge density at pH 1 0 of 1 .90 meo/g, 

the standard resin of 98.5%. 



a polyamidoamine/epichlorohydrin resin using trimethylamine as the 

as prepared as described in Comparative Example 1. 
on the amount of amine in the polyamidoamine, 0.632 meq/g aqueous, 13.1 g) 
was added. The reaction mixture was stirred at 35'C at 1 20 rpm for 1 hour. 

The crosslinking step was carried out by adding water (153.9 g). increasing the rate of stirring to 380 rpm, and 
raising the temperature to 68°C to initiate crosslinking. After 38 minutes at 65-68'C, the Gardner-Holdt viscosity of an 
aliquot at 25-C was X". Water (66.0 g) was added to decrease reaction solids to 25%. After 82 minutes at 54-65'C, the 
Gardner-Holdt viscosity was "M", and water (41 6.5 g) and sulfuric acid (98%, 4.83 g) were added. The product had the 
following properties: pH 2.94, Brookfield viscosity at Z5'C of 58 CP, 1 2.7% solids, 1 ,3-DCP content of 815 ppm, cationic 
charge density at pH 1 0 of 1 .85 meq/g. aminochlorohydrin conversion to azetidinium chloride of 79.3%, and oven cured 
% wetAtry effectiveness compared to the standard resin of 99.6%. 




clo[2.2.2]octane as the amine additive and adding acid during the crosslinking stage. 

A chlorohydrirvsubstrtuted polyamidoamine was prepared as described in Comparative Example 1. 

Water (165.98 g) and 1.4-diazabicyclo[25 2]octane (2.5 mole % based on the amine in the polyamidoamine. 0.95 
g) were added. 

The crosslinking step was carried out by increasing the rate of stirring to 380 rpm, and raising the temperature to 
67'C to initiate crosslinking. After 30 minutes at 64-67»C, the Gardner-Holdt viscosity of an aliquot at 25"C was "C". 
Water (33.06 g) and sulfuric acid (1 N. 33.08 g) were added to decrease reaction solids to 25% and to decrease pH. 
After 2 hours at 58-56°C, the Gardner-Hokft viscosity was "L", and water (397.24 g) and sulfuric acid (98%, 3.76 g) were 
added. The product had the following properties: pH 2.96. Brookfield viscosity at 25°C of 46 cP, 12.9% solids, 1 ,3-DCP 
content of 751 ppm. cationic chargedensityatpH 10of 1.76 meq/g, ami nochtoronydrin conversion to azetidinium chloride 
of 84.7%. and oven cured % wet/dry effectiveness compared to the standard resin of 95.8%. 
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31 g) and sodium hydroxide (20 mole % based on the amine in the polyamidoamine, 2.64 g) we 
The crosslinking step was carried out by increasing the rate of stirring to 380 rpm, and raising the temperature to 
53°C to initiate crosslinking. After 30 minutes at 48-53"C, the Gardner-Holdt viscosity of an aliquot at 25»C was "C". 
Water (66.23 g) was added. After 40 minutes at 48-53°C, the Gardner-Holdt viscosity was "L", and water (411 .85 g) and 
sulfuric acid (98%, 1 1 . 1 3 g) were added. The product had the following properties: pH 2.94, BrooktieU viscosity at 25'C 
of 63 CP. 1 3.2% solids, 1 ,3-DCP content of 845 ppm. catjonic charge density at pH 1 0 of 0.950 meq/g. aminochlorohydrin 
conversion to azetdinium chloride of 46.5%, and oven cured % wet/dry effectiveness compared to the standard resin 




In the table TEPA = tetraethyleneperrtamine, NH3 = ammonia, AEP = N-ajninoethylpiperazine, Me3N = trimethyl- 
amine, DABCO - 1.4-diazabicydo[2.2.2]octane, NMP = N-methylpyrrolidine, EN = ethylenediamine, MEA = eth- 
anolamine, MDEA = methyWechanolamine, M&2NH = dimethylamine, HMTA = hexamethylenetetraamine, MOR = 
morpholine, DETA = diethylenetriamine, MBAPA = N-methylbis(3-arTiinopropyl)amine, Et3N = triethylamine. HMDA = 
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This example compares the wet strengthening ability and absorbable organic halide (AOX) content of resins made 
without (e.g.. Example 2) and with (e.g.. Example 5) the addition of a nonhatogen acid during the crosslinking step. The 
data are given in Table 3. AOX is an estimate of total organic halogen, which includes both epichlorchydrin residuals 
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from the preparation of the polyamidoamine/epichtarohydrin resin, and the chlorine in aminochlorohydrin groups attached 

Paper samples to be tested for tensile strength we 

kraft and Rayonier bleached kraft having a water hart 
strength agent was added to the wet end of the papermaking machine. The paper was dried to 4% moisture using a 45 
lb/linear inch press and seven drying rolls at 1 50-1 90°F. The basis weight of the paper was 40 lb/ream. Oven curing was 
carried out at 80°C tor 0.5 hr. The paper was immersed in water for two hours. Tensile tests were performed on a 6 inch 
span, 0.5 inch wide strips according to TAPPI method T494. Wet tensile strength and percentage retention of wet tensile 
' ' ilc strength ("%wet/dryT at 




9 
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(3) heating to effect crosslinking. 

2. The process of claim 1 , wherein the polyamidoamine is the reaction product of (a) a potyalkylene pol 
taining at least one secondary amine group and (b) a 2-12 carbon, saturated aliphatic dicartxwylic ac 
boxylic add derivative. 



present is less than about 5% of the epihalohydrin charged. 
5. The process of claim 1 , wherein about SO to about 130 mole % of epihalohydrin is i 



7. The process of claim 6. wherein about 80 to about 100% < 

to about 130 mole % of i 



10. The process of claim 9, wherein the org 



n-propylamine, isrjpropylamine, nHautylamine, sec-butylamine. tert-butylamine, iscbutylamine. glycine, cyctohexy- 




1 9. The process of daim 1 , wherein a nonhalogen acid is added during step (3). 

20. The process of claim 1 9, wherein the nonhalogen add has a pKa less than 5. 
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